LEGIBILITY NOTICE

A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
‘the availability of information on the
- research discussed herein.

1




" LA-UR- 87-3354

Los Aamos NRLIOA! LEDOaIDry § 8pEraNed By 1he Univeruity 0f Ceiorng for the Unrted Stares Depannment of EnerQy under contraci W-7405-ENG- 3§

LA-UR--87-3354

DES88 001845

11.e  BOREHOLE INSPECTION SYSTEM FOR LARGE DIAMETER HOLES

AUTHORS) Ward L. Hawkins, ESS-1
Ronald D. Oliver, ESS-3
Los Alamos Nat'l Laboratory

Morgan J. Lavelle, EGAG
Las Vegas, NV

suemiTtep 10 Second International Symposium on
Borehole Geophysics for Minerals, Geotechnical,
and Ground Water Applications
October 6-8, 1987
Golden, Colorado

By scceplance 0! thg artitie 'he pubLINg: ECOGNITE 1RSI the U S Government 1e1ainy a noneaciutive 10ydity-fres ICeNse 10 Dub i 18h 0! 19PIOCUCS
the Dubligh@d form of 1hig contrbylion of 10 gHow OIhers 10 00 so. for US Government purposes

The LOS Algmos N810Ns! LODOAIDYY requesiy thal 1ne Pubiisher identily thug srucie as work pertormad under ing suipices ol the U S Department of Energy

LOS AISNACS LesAamos NationalLaboztory
MASTER


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov
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ABSTRACT
A color camera developed for underwater } 8 has been adapted for use as a large
diameter Borehole Inspection System (BIS) video/photographic system has pan and ult

upabthmuﬂmm corm an azimuth for orientation. It is
dcsigned to operate rm;in;inchmu' .2m 0 3.0 m. The system has a 180
degree "fisheye” lens and an inspection lens with zoom. 35 mm photographs can be taken of the
same view as the video for precise location. Video tape and 35 mm is annotated.

The primary function of the BLS is geologic investigation. Various characteristics of the
fcolopc medium can be viewed. Lithologic and textures can be detzrmined. Structural

tures such us faults, fractures, and bedding can be scrutinized. Detail descriptions of stratigraphic

scquences «nd contacts are sible. In combination with other borehole data and sample

information, ran t hole conditions and the geologic medium can be resolved. Field

tioas often Lrnmd immexiiate resolution of borehole problems. This system offers on-the-spot

vmuxlinspecthnofﬂndnl]bolcmdnuodmdhnﬂm Large eroded zones can be evaluated and

casings and lin¢-s can be ins applications such as the location and configuration of
hardware left n tive hole and try poinu are possible.

1. INTRODUCTION

The Borehole Inspection System was developed wenminehrrdimtudﬁﬂholesnt the
Nevada Test Site (NTS). Thegodwumaimnwdhninfamdon rom the video and obtair 35
mm color slides for [xter, more detailed analysis. A "fisheye” lens was chosen 0 provide a complete
view of the hole when directed dowmnward. An inspection with zoom would be used for close up
work. The lenses had o “¢ mmotely interchangeable to allow a complete inspection with one
downhole run. Slide photogrephy would be taken !hrouﬁm the same lens as the video for ise
location. Compass orientation had to be provided. V. annotation on both video tape and slides
for on-the-picture data was a regnirement to farilitate later viewing. Continuous recording of
narration had to be possible on the videc tape.

0. CAMERA SYSTEM

An "off the shelf' underwater camera with lens switching capability was adapted for borehole
use (Fig. 1). A full 360 degree view of the borhole 1s .chrcved with the "fisheye" lens (when
oricma:downwud)bobuh a visua) record of the ~5.o: hval=. The 35 to 7C mm womlcmprowdes
undistorted detailed views. Pan and tlt adjustments iix ‘» complete fleaibility in camera arientation.
Over 200 slides can be taken during a logging rur. X'\ * slide exposure requires approrimately
twenty secondt. A rugsedized compass Jives the azivi...» Lens selection, zoom sdjustment, pan



Fig. 1 Camera and lighting system.
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Fig. 2 Wellhead system; winch truck, and rontrol/monitor van.



and tilt, and focus and {-stop settings are all controlled from the surface. In the inspection lens mode
the zoom can be adjusted. Information can be insertcd on the video tape with a keyboard. A clear
plastic shield protects the face of the camera.

II. LIGHTING

Lighting for the video is provided by cight evenly spaced, 250 watt tungsten halogen lamps,
mounted above the camera beneath a stainless steel reflector (Fig. 1). Aprowcuvcdm:ldnsmumed
above the reflector. Lamp intensities can be controlled from the surface either individually or as a unit
to obtain various light/shade conditions. Considerable effort was expended in the development of the
lighting system to avoid hot spots and shadows. Twin stobe flash units with interchangeable heads;
and, flash quenchers for proper film exposure are mounted on either side of the camera. A spotlight
pointer immediawely above the camera provides additional illumination for greatly enlarged portions of
a hole where the other lighting may not reach.

IV. BOREHOLE VEHICLE

The overall length of the subsurface vehicle is approximately 4 m. There are two sets of four
individually adjustable legs 10 centraliwc the system in the hole. The legs are off center so each
0.25 m diameter wheel is tracking its own path on the borchole wall. Washouts and auvge
sections are traversed smoothly and concentrically. The system is currently set up to run in holes
with diameters from 1.2 m ©0 3.7 m. The pan and tilt unit has a tili range from -90 degrees (vertically
down) to + 60 degrees and a full 360 degree pan. Downhole mechanical response to surface
commands is smooth and se. Mounted just above the camera is a lens dcfoucr(heatcr fan).
This allows defogging of the protective lens cover during the logging run, thus eliminating the need
to pull the entire tool out of the hole to clear the view. The electronics is housed in the central tube of
the vehicle where there is adequate room for future modificatons. The tool is deployed on a special
sixteen conductor wireline with a central 75 ohm coaxial cable, and a quick disconnect cablehead.
Logging speed during a general swvey is 12 m/min.

V. SURFACE SYSTEM

The wellhead system consists of the logging (winch) truck, a dual sheave crane agsembly with
load indicator and depth encoder, and the monitor/control van (Fig. 2). Power is provided by an
on-site generator. The h uljcally controlled winch system contains over 1800 m of the custom
designed logging cable. winch operator's console is equipped with a video monitor to observe
the same real-ime image u the in; engineer who is directing thc operation from the
monitor/control van. mg en ineer are in constant radio communication.
Transport and well site ri -up s facuita use of a special transporter built specifically
for the borehose vehicle. camnhhnndledwprlu:lymlspeculcmuinct Rig-up and quality
assurance procedures require sixéeen man hours.

The monitor/control van is equipped with three video monitors (Fig 3); a viewing monitor for
the geologist, a data and coantrol display monitor, and a preview/review monitor. The data and
control information which can be displayed includes: lighting configuration, temperature in the
electronics housing, telemetry status, compass heading, pan and tilt angles, and depth and load.
Microprocessors and digital communication links are u.:d for transmissions over the wireline. The
preview/review monitor is connected to one of the two 3/4 inch U-matic audio video cassette
recorders (VCR) through an editor. Immediate playbacks; or, recordings of other nearby holes, can
be viewed for comparison with the real-time video. The editor also provides the capability to record
two tapes simultaneously, and allows on-site studio quality editing.
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Fig. 4 Surface control system.



The surface con comm:ﬂm (Fig. 4) which manages the various camera functions includes the
camera pan and tilt the power distribution panel, and the data acquisition controller. A
routing and patciing system enables oomplcle versatility in routing any video signal to any VCR or
monitor. The viideo equalization pane ooct:ll:mutﬂtlwlossunpowdmthcbascbmdwdeowhcn
run over the long wireline. Video color calibrations, trouble shooting, and wircline compensaticn
adjustments are accomplished with a waveform monitor and vector scope, multiburst generator, and

bar gencrator.

VL GEOLOGIC CHARACTERIZATION

The reason for developing the BIS is geologic characterization. Figure € is a fisheye
view of a fault in U7by. The snnotation, from left to right, across the top of the photo is: frame
number, lens (8 dmgmm 180 degree fisheye lens), date, hole, depth (in fect), azimuth, tilt and pan
angle (depwﬁ-omn:f Fmonfmnefahghung justments). In the photo the fault has a
trend of approximately north chpwweumthmmuljydxp A closer view of the fault with
the inspection lens zoomed 10 the maximum 70 mm reveals more detail (Fig. 6). Note the changes
mtbemnotnﬂoua]mgd:etopofthepboto. 'l'bemwulookingwt,hlclou&uuumanglcoflé
degrees down from hotizontal

The feature shown in Fig. 7 would probably nct have been detected with normal borehole
sumpling g and logging procedures. In the center of the frame is a thin (~ 0.15 m), nearly horizontal air
fall tuff unit interstratified with alluvium (Drellack, et al, 1986). Because of tiae ability of the BIS to
|dcnt|.fyit.dmbedhnbouomcnvuymefulmnkcrumtwidund\ea!luviumofsout}mYuccaFlat
Geophysical techniques do not have the resolution to detect such a thin feature. Cuttings
samples taken unn the drilling are a mixture of material from 2 3 m interval making it extremely
d:!ﬁcuhbchn:cmuafumdthi:ﬂﬁchms At times there have been sidewall samples taken in
this bed; but, until its presence was verified through photography in several drill holes, meaningful
characterizations and correlations could not be made.

In U6d the moderately to densely welded ash flow tuff of the Topopah Spring member of the
Paintbrush tuff (Fig 8) includes a 15 m thick lithophysal zone. The gamma-gamma density logging
tool, which has to be in contact with the borehole wall to get reliable data, measured a 2.13 Mg/m
density for this zone (tool mndoffghmimted 30% of the measurements). The gravimeter measured
a formation density of 1.95 Mg/m- in the wame interval. Aithough the difference is not great, an
cxplanation based on the photography is obvious. The nature of lithologic zones such as a
lithophysal layer which has large v is important when considering the effects such a unit will
have lt:;;xezr::i,‘_omt:nolc:gy. Without the photography an accurate characterization of this zone would
have fficult

Figures 9 and 10 are examples of operational concemns. Aﬁmmion gun sidewall sampling
point is shown in Fig. 9. The sample cup which is explo;ivel¥ into the wall of the hole is
approximately 9.03 m in diameter so the entire field of view fnr this photo, taken with the zoom
inspection lens at 70 mm, is about 0.7 m across. The hole was drilled with a 2.44 m diameter bit.
Roller stabilizers on the side of the bit made the diamond pattern in the mudcake left on the walls.
Fig. 10 is the top of the liner at Uds. At tirmes the nature of the liner cement job or fluid flowing over
the top of the linex are of inicrest as are numerous other aspects of the transition from the open hole to
the smalier diameter liner. Many questions about hole conditions cen be easily answered with

photography.
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Fig. 8 Lithophysal zone in a welded tuff.



Fig. 10 Liner top.



VIL SUMMARY

The development of the BIS has been invaluable in the assessment of borehole conditions at the
Nevada Test Site. Immediate observations are made from the video for time urgent investigations.
With a single deployment a complete, permanent color video and still photo record of the hole is
made. The interchangeable lens system provides a general borehole survey in the fisheye and close
up hy with the zoom lens for later detailed analysis. Geologic and operational features
which would be difficult to characterize by other means can now be quickly and accurately assessed.
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